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EFFECT OF VARTATIONS IN REYNOLDS NUMBER ON THE
AFERODYNAMTC CHARACTERISTICS OF THREE BOMB
OR STORE SHAPES AT A MACH NUMBER
OF 1.62 WITH AND WITHOUT FINS

By Robert W. Rainey
SUMMARY

Tests have been made in the Langley 9-inch supersonic tunnel of
three bomb or store shapes without fins and with two sets of cruciform
fins. These investigations were masde at & Mach number of 1.62 at Reynolds

numbers from 0.40 x 10° to 9.70 X 106, based on the closed body lengths.
The maximum sngle-of-attack range was from -40 to 10°. Measurements of
normal force, chord force, and pitching moment were made; analyses of
the effects of angle of attack and Reynolds number upon these quantities
and also upon center-of-pressure position and f£fin effectiveness are
presented.

The results indicated that the configurations having a fineness
ratio of 8.6 with small fins and the configurstions having fineness ratios
of 5, 7, and 8.6 with large fins were statically stable sbout a typical
center-of-gravity position at 45 percent of the closed body length at
all angles of atback and st all test Reynolds numbers. Also, the results
showed that it is possible to design a supersonic boub or store configura-
tion having a constant change in normal-force coefficient with angle of
attack or center-of-pressure position or both for angles of attack near

0° and for Reynolds numbers of the order of 3 X 106 end greater.,
TNTRODUCTION

One of the problems that is associated with the development of
supersonic service alrcraft is the proper design of either the bombs or
stores, or both, that may be cerried by the aircraft. 1In such design,
consideration must be given to the aerodynamic characteristics of the
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isclated bombs or stores. These characteristics are important in the -
determination of the mutual interference effects of an externally mounted
bomb or store and the aircraft, as well as in the determination of the
breekaway characterlistices and trajectories of bombs whether released
from internal, semiexternal, or external locations.

When static wind-tunnel tests of stores mounted beneath wings or
fuselages are made, or when dynamic wind-tunnel tests to study the bomb
breakaway characteristics are made, the models used are usuaslly limited
in size and, hence, operate at very low Reynolds numbers. The purpose
of these tests was to obtain the aerodynamic characteristics of store
or bomb configurations of three fineness ratlos at Reéeynolds numbers
encountered in the bomb-drop Investigations conducted in the Langley
9-1inch supersonic tunnel and to determine the variation of the aserodynemic
characteristics with further increases in Reynolds mitiber. These tests

were made at M = 1.62 .end cover a Reynolds mumber range from 0.0 x 109

to 9.68 x 106, based on closed body length. Normsal fOrces, chord forces,
and pitching moments were obtained for the bodies with fins of two dif-
ferent plan forms and without fins at angles of attack from -4° to 10°.
Schlieren photographs were teken to aid in_the analysis of the data.

SYMBOLS

B configuration of body alone " - - 3
BF configuretion of body and fins .
C chord force . " g o — T
Co chord-force coefficient with base pressure converted to free-

stream static pressure, Net chord force/qS
(cc), chord-force coefficient at a = O° .
Cm pitching-moment coefficient, (See fig. 1(a) for pitching-

moment references), Pitching moment/qSl
O, = 2 -
oo _ ' ) B

(cma)o Cm, &t o =0° -
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Cn normel-force coefficient, Normal force/gS
CN' - Normal force
By
_ BCN
Tt
CNat = aCNI
o
- o
(CNa)o Cy, &6 @ =0
d maximum body dismeter
1 closed body length (8.110 in.)
1/a fineness ratio of closed body
M free-stream Mach number
N normal force
P pitching moment
qa free-stream dynamic pressure
R test Reynolds number, based on closed body length 1
S maximm body cross-sectional aresa
Sp exposed plan-form area of two fins
b 4 center-of -pressure position reletive to nose of model, positive
rearward
a sngle of attack

APPARATUS AND TESTS
Wind Tunnel

All tests were made in the Langley 9-inch supersonic tumnnel. The
tunnel is a continuous-operation, complete-return type in which the

-



L NI NACA RM IL53D27

pressure may be varied and controlled from about l/lO atmosphere to
about 4 atmospheres stagnation pressure. Temperature and humidity condi-
tions may alsoc be varied and controlled. The Mach number is varied by
interchanging nozzle blocks which form test sections approximately

9 inches square. A schlieren system is provided for qualitative visual-
flow observations.

Model Description

The dimensions and designetions of the various models tested are
given in figure 1. Each of the bodies of models 1 and 2 consisted of
two tangential circular arcs of revolution so selected that the bodies
would have fineness ratios of 5 and 7, respectively, with the maximum
body diameters at 4O percent of the closed body length. Model 3 is &
0.045-scale model of the Douglas Aircraft Company store (see ref. 1)
with the maximum body diameter et 4O percent length. The fin plan form
of model 3 was also utilized in models 1 and 2 (see fig. 1(b)) and is
referred to as the "smaller" fin throughout this report. This fin plen
form was enlarged and modified somewhat for use with models 1A, 2A,
and 3A.

It was necessary to provide a cutoff at the rear of each body to
facilitate the sting mount which extended from the internal bslances to
the model mount behind the body. The base dlameters of sll models Were
0.157 inch. In general, the measured dimensions of the bodies and
fins were within #0.005 inch of the specified dimensions given in fig-
ure 1 with the exception of the body radii which were found to be within
+0.001 inch.

The bodies of the three models were comstructed of magnesium with
four slots 90° apart extending forward from the base in order that the
fins might be installed or removed. With the fins installed, the fin-
body Jjuncture was faired with an epoxy resin adhesive.  For the body-
alone tests, the slots were filled with the adhesive and faired to the
proper body contour.

Model and Bsaslance Installation

Presented in figure 2 is a drawing of the model and balence installs-
tion. A selected model angle-of-attack reference point was adjusted lat-
erally at each test angle of attack so that this reference point would be
on the center line of the tumnel (see fig. 2). This was done in an effort
to utilize a longer model for a given tunnel width and Mach number with-
out the reflections of the disturbance from the model nose intersecting
the after portions of the model or fins. It was noted, however, that
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the reflected shocks did intersect the tips of the tall fins of models 1
and 1A at the lowest Reynolds number of the tests. An optical angle-of-
attack system was used in conjunction with a 1/16-inch-dismeter mirror
on the surface of each model; corrections were maede for the effects of
the glass window upon the indicated angles of attack.

Three internsl straln-gage balances were used in these investiga-
tions. One balance that measured a meximum of 2 pounds normal force
and 2 inch-pounds pitching moment was used to obtain those measurements

at the lowest test Reynolds mumber (R = 0.40 x 106) for all models tested

end at R = 1.65 x 106 for tests of models 1, 2, and 3. For all other
measurements of normel force and pitching moment, a similar balance

with maximum design loads of 22 pounds normal force and 22 inch-pounds
pltching moment was used. A third balance capable of measuring 16 pounds
chord force was used to obtain the chord forces of all models at all the
test Reynolds numbers; simulteneously, the base pressure was measured so
that the base drag might be reduced to zero in the calculation of the
chord forces.

Tests

In order to obtain the complete normal-force, chord-force, and
pitching-moment characteristics of any one configuration throughout the
entire test Reynolds number range, it was necessary to interchange the
three internal strain-gage balances and make three separate test runs.

A part of the test program was devoted to obtaining the normal-
force end pitching-moment characteristics of models 1, 2, and 3 at

Reynolds numbers of 0.40 x 106 ana 1.65 x 106 with boundary-leyer transi-
tion artificially induced by using a transition ring installed about

1/4 inch behind the nose of the models. This ring consisted of fine

salt crystals sparsely distributed in a single layer about 1/8 inch wide
and sbout 1/64 inch thick.

Schlieren photographs were teken to aid 1n the analysis of the
measured date.

PRECISION OF DATA

A11 models were initially referenced with respect to the tunnel
walls within ¥0.04O; angles of attack with respect to each other in a
given run were accurate to within +0.01°. Surveys of the test section
of the M = 1.62 nozzle have shown that the maximm variation in Mach

—
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number is t0.0l and that the portion of the test section occupied by
these models has maximum flow inclinations at any test pressure of

between 0° and 0.25°.

probable errors is presented in the followlng table:

A summery of the estimsted range of meximum

Range of maximum probsble errors
Balance 1 Balance 2
; Bal
Models Coeffi- (N =2 1b; (N =~ 22 1b; (C =a§gelg)
clents P = 2 in-1b) P = 22 in-1b) R = 0.k x 10°
R = 0.4 x 10° R=1.6%x10° | 45 9.7 x 106
to 1.6 x 106 to 9.7 x 106
Cx 0.0023 to 0.0006 [0.0035 to 0.0005 |wmmmmecc—macmecoas
1 Cm 0.00022 to 0.00005{0.00030 to 0.00005] ~mmmemmmmmcanaa—
Co | mmmmmmmmmm e e 0.0200 to 0.0007
Cx |0.0046 to 0.0011 |0.0068 to 0.0011l |memmccmccomaean-
2 Cm 0.00043 to 0.00010{0.00058 to 0.00009) —memmmmmmcccean
Co | ===—mmmmmrmmm ] e 0.0400 to 0.0015
Cy {0.0069 to 0.0016 |0.0102 to 0.0016 |--memeemmomcamaa
3 Cp | 0.0006k to 0.00015|0.00088 to 0.000LY| ~mmecmamccmaaaan
I R el D 0.060k to 0.0022

RESULTS AND DISCUSSION

Presented In figures 3 to 11 are the messured serodynsmlc charac-
teristics of the configurations tested; in figure 12 are presented the
center-of -pressure positions at angles of attack; in figure 13 are pre-

sented

Oy

Cys 8nd center-of-pressure position at a = 0° as a

function of Reynolds number; in figures 14 and 15 are presented the
incrementsl characteristics (BF - B) as a function of Reynolds number

at o =

0°.

Schlieren photogrephs teken at various Reynolds numbers

are presented in figure 16; three sting lengths were used to support —
In table I is a sumary of the measured aerodynamic charac-
teristics at o = 0°.

model 1.

In order to obtain more realistic center-of-pressure positions,
especlally et low angles of attack (see fig. 12), the curves of Cy eand

Cym were translated so that their increments at

RN

o = 0° were removed.
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These increments were primarily the result of inadvertent incidence in
the fins,

Models 1, 2, and 3 Without Fins

Measured characteristics at angles of attack.- For the models with-
out fine (see figs. 3 to 5) CNJ was constant at each Reynolds number

throughout the angle-of-attack range of from -2° to 2°. As the angle

of attack increased beyond 2° the effects of the viscous crossflow and
the low-pressure recovery on the lee side of the afterbody resulted in

a low-pressure increment on the afterbody (see ref. 2) and, consequently,
en Increase in sz and Cp. Also, a rearward shift in the center-of-

pressure position with inereasing « was evident for the three body
configurations at all Reynolds numbers with the exception of model 3

et R =1.65 x 10 (see £ig. 12(a)).

These rearward center-of-pressure shifts, due to the angle-of-
attack effects, began at relatively low angles of attack for the

R = 0.40 x 105 tests; then, as R increased to R = 1.65 x 106, the
rearwvard center-of-pressure shift dild not occur until a higher angle

of attack was reached. This was due to the reduction of the laminar
separation at the higher Reynolds number as& indicated in figs. 16(a),
16(b), and 16(c). Further increases in Reynolds number resulted in the
rearward center-of-preesure shift occurring at lower angles of attack,
probably due to the formation of the turbulent boundary layer accompanied
by a pair of symmetricaelly disposed vortices forming on the lee side of
the afterbody (see ref. 2) and contributing to the negative-pressure
increment assoclated with the viscous crossflow effects.

Measured cheracteristics at o = 0°.- The variation of Oy, Co

and center-of-pressure position with Reynolds number at o = 0° are
presented in figure l3(a). A reduction in QEJ and s forward movement

in the center-of-pressure posltion with an incresse in Reynolds number

up to R =2.95 X 106 for model 1 and R = 5.55 X 106 for models 2
and 3 is indicated. These large veariations sre the result of the flow
remaining attached to the surface of the afterbodies longer as R
increases (see fig. 16(a)), thereby reducing the lifting pressure
iIncrements usually associated with separated flow over the afterbody;
this, of course, 1is accompanied by & forward movement of the center-of-
pressure position. The schlieren photographs in figure 16 indicate that
boundary-lsyer transition over the rearward portion of the afterbody
occurs at the Reynolds numbers where the variastion in QMJ and center-

of -pressure position with R becomes small. Further increases in R
have 1little effect upon these characteristics.,

e
ATkt
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A large variation in Cp &t o = 0° was indicated for all three

bodles ags R increased from 0.40 x 106 to 1.65 x 10%; within this
Reynolds number range, the station of flow detachment moved rearward
rapidly as R increased (see fig. 16(a)) and more of the afterbody
became subJjected to the negative pressures realized as the flow expanded
around the body contour. Consequently, Cq Increased rapldly due to
this increase in pressure drag. Further increasses in R above

R =1.65 % 106 resulted in minor increases in Cc due primarily to
changes 1n skin friction.

Models 1, 2, and 3 i

Measured characteristics at angles of attack.- In figures 6 to 8
it 1s shown that, for configurations tested, Cy and Cp were linear
in the angle-of-attack renge of from -1° to 1°. As would be expected,
the rate at which CNd increased with o beyond 1° was dependent upon

g combination of the body-slone characteristics and the blanketing effects
of the body upon the fins. At all test Reynolds numbers where the results
are available, Cy was again linear with o at angles of attack greater
than 6°. In s manner similar to the results of the tests of the bodies
without fins, Cg increased with o and the substitution of the larger
fins for the smaller ones, in general, resulted in g decrease in the

rate with which Cp increased with «.

The variations of the center~of-pressure positions of models 1, 2,
and 3 with a (see fig. 12(b)) were also dependent upon the character-
istics of the models without fins and the blanketing effects of the body
upon the fins. The rearward center-of-pressure movement due to «a was

delsyed to o =5° at R = 0.40 X lO6 for model 1 because of the large
region of separated flow within which the fins operated (see fig. 16(d)).
For models 2 and 3, the separated flow blanketed smaller portions of the
fins, and the rearward center-of-pressure movement took place at lower
angles of attack (o x 2°). Increases in the test Reynolds number beyond

R = 0.40 x 106 reduced the reglon of low dynamic pressure within which
a portion of the fins operated and resulted in either an earlier rearward
center-of -pressure movement or no movement at all. Comparisons of these
results (see fig. 12(b)) also indicated that the center~of-pressure posi-
tions for an individusl model at various Reynolds numbers tended to
converge at angles of attack of about 10°, 8%, and 7° corresponding to
values of x/1 of about 0.40, 0.53, and 0.60 for models 1, 2, and 3,
respectively. Further increases in « had negligible effects upon the
center-of -pressure position.
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Measured characteristics at & = 0°.- Shown in figure l}(b) are
the results of tests of models 1, 2, and 3 at a = 0°. In the case of
model 1, the addition of the fins was Just sufficient to overcome the
reduction in Gma noted in figure 13(a) for model 1 without fins between

R =04 x10° and R = 2.95 X 10®. This means that the loss of normsl
force realized by the body alone due to the flow remsining attached
longer at the higher Reynolds numbers was exactly supplemented by the
edditional normsl force galned by the increase in fin area outside of
the separated flow region. Consequently, the incremental normel-force
coefficient, (GEJ)BF 5 increased with Reynolds number within this

Reynolds number renge (see fig. 14(a)). The forward center-of-pressure
movement of model 1 without fins was greatly reduced by the sddition of
the fins due to thelr increase in effectiveness as R increased to a

value of 2.95 X 106. Further incresse of the Reynolds number to

R=9.7 X lO6 had no effect on Cﬂz for model 1 although the center-
of -pressure position moved forward from x/Z = 0,29 to x/Z = 0.23
resulting in a negative increment of (x/'L)BF_B (fig. 14(a)) within this
Reynolds number range.

In the case of models 2 and 3, which had much thinner boundary
layers in the regions occupled by the fins as compared with model 1,
the addition of the fins more than compenssted for the reduction of QNJ

of body-alone up to R = 5.55 X 106 and, therefore, me increased and

the center-of-pressure position moved rearward. Further increases in R
resulted in small reductions in CNd and slight forward shifts in the

center-of-pressure position; consequently, the incremental aerodynamic
cherscteristics of models 2 and 3 in figure 14(a) showed substantial
increases in (GMJ)BF-B and large positive increments in (x/Z)BF_B

from R = 0.40 x 10® to R = 5.55 x 10%, and minor variations with
further increase in R.

The variations of Cg with Reynolds mumber for models 1, 2, and 3
were similar to the Cg variations of the bodies alone (compare
figs. 13(a) and 13(b)). Because the incremental chord-force coefficients
are of such low magnitudes, no analyses of these results are attempted
but remain to be discussed in general slong with the discussion of
(cC)BF_B for models 1A, 2A, and 3A.
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Models 1, 2, and 3 With Artificial Transition

The purpose of these tests was to determine how the results of low
Reynolds number tests of these configurations with transition induced
artificially would compare with the results of high Reynolds number
testa of the same configurations with natural transition. Direct com~
parisons of the results obtained are presented in figure 13(b). Also,
a summation of these comparative results is presented in the teble to
follow. The percentage difference in (Cﬁa)o represents the (me)o

nmeasured at the low Reynolds number with artificial transition minus the

(CNd)o measured at R = 9.70 X 106 with natural transition as a per-

centage of the latter; the difference in x/1 represents the difference
in the center-of-pressure positions between that measured at the low
Reynolds number with artificial transition and that measured at

R =9,70 x 106. ‘ ’

R 14 Diffzrence
eynolds in (C Difference
Model number N&)O’ in x/1
percent
1 0.40 x 108 0 0.15
2 .40 -11 -.03
3 40 -1k -.07
1 1.65 x 106 -21 -.09
2 1.65 -11 .01
3 1.65 . -3 -.01

It is shown that for the tests at R = 0.40 x 100 the percentage dif-
ference in (Cﬂx)o as well as the difference in x/l increases nege-

tively as the fineness ratio increases. The opposite was apparent for
the results of the tests at R = 1.65 X 106. Of this group of compara-

tive results, only the results of model 5 at R = 1.65 X 106 fall within
desireble accuracles for both (Qﬂx)o snd x/l. Therefore, it may be
concluded that these comparisons indicated no Justification for testing
such configurations with a transition ring installed at these low Reynolds
numbers and for expecting duplication of the results obtained at high
Reynolds numbers with natural transition. BSchlieren observations for
model 1 indicated that st a Reynolds number of 0.40 X 106 the transition
ring d4id not cause transition or significantly alter the degree of
separation.

-
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Models 1A, 2A, and 3A

Measured characteristics at angles of attack.- The results of tests
of models 1A, 2A, and 3A indicated that the effects of varistions in
angle of attack upon the measured aerodynsmic cheracteristics were similer
to those of models 1, 2, and 3 except that the blanketing effects of the
bodies upon the fins were not ae severe for these models having the larger-
spen fins (for instance, compare fig. 12(b) with 12(c)). The center-of-
pressure positions for models 1A, 2A, and 3A (with the larger fins) at
various Reynolds numbers tended to converge at angles of attack of 9° 5
59, and 3° at velues of x/1 of 0.57, 0.66, and 0.73, respectively, (see
fig. 12(c)). These angles of attack were lower thean those indicated for
the models with the smaller fins, particularly in the cases of those
utilizing the higher-fineness-ratio bodies.

Measured characteristics at o = 0°.- Presented in figure 13(c) are
the messured characteristics at o = 0° for models 1A, 24, and 3A. For
all three models, the addition of the larger fins more than compensated

for the loss in (me)o with increases in Reynolds number of the body

glone; snd (cNa) o increased as the Reynolds number increased up to

about 3 X lO6 beyond which the curves were essentially flat. These geains
were due to the over-all increase 1n effectiveness of the fins as R
increased in the low Reynolds number range; consequently, (CM)BF-B
increased with Reynolds number throughout the low Reynolds number range
(see fig. 14(b)) with little or no increase in the medium and high
Reynolds number ranges.

The Porward center-of-pressure movement of model 1 without f£ins was
completely overcome, and the center-of-pressure position of model 1A was
stationary throughout the entire test Reynolds number range; also, the
center-of-pressure movements of models 2A and 3A were rearward up to

Reynolds numbers of about 3 X 106, wlth no significent effects due to
further increases in Reynolds numbers. In conjunction with the charsc-
teristics of (CI‘QI)BF-B for these configurations, the variations in

(x/1)gp_p With increasing Reynolds number (see fig. 1%(b)) were positive
up to R =2.95 X lO6 for model 1A and up to R = 5.55 X 106 for
models 2A snd 3A with no effects due to further increases in Reynolds
number.

The Cg results presented in figure 13(c) again indicate the
characteristic sharp rise in Cp with inereasing R in the low R range.
Comparison of figures 13(b) and 13(c) suggests that the mutual chord-
force interferences of body and fins of models 2 and 3 are of apprecisble
magnitude throughout most of the test R range. Thils is evidenced by
the fact that changing from the smsller to the larger fins not only

pa——
QbR
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increased Cg but also changed the relative magnitudes of Cg with
varying Reynolds number. Evidence of the magnitude of the chord-force
interferences of models 1 and 1A at Reynolds numbers less than about

1.6 x 10° 1s indicated in figures 1hi(a) and 14(b). Although the region
of separated flowe about the afterbody became smaeller end exposed more

of the f£ins to the high-dynamic-pressure stream, (Cg)pr-p decreased
appreclably. This indicated that a decrease 1in chord force due to mutual
interference was evident and thaet this decrease was more than sufficilent
to compensate for the increase in the chord force of the fins as R
increased from 0.4 x 105 to about 1.6 x 106. Such was not evident for
models 2, 2A, 3, and 3A.

Comparative Effectiveness of Smsll and Large Fins

Presented in figure 15 are the incremental normal-force coefficients
at o = 0° based upon the exposed areas of two fin panels., These coef-
ficlents are, therefore, a measure of the effectiveness of a particular
set of cruciform fins in the presence of a particuler body for which one
set of fins lies In the plane of the angle of attack.

As expected, these results indicated that higher fin effectliveness
was obtalned whenever larger portions of the lifting fin panels were
outside of the region of low-dynamic-pressure flow. This was evident
regardless of whether the fin effectiveness was increased by decreasing
the maximum dismeter of the body, by ilncreasing the Reynolds number
throughout the low Reynolds number range, or by enlerging the fins
(effectiveness of the large fins was about 1.8 times that of the smsll
ones throughout the test Reynolds number range). Also, the variations
in fin effectiveness due to changes 1ln body shapes were much less for
the larger fins than for the small ones.

CONCLUSIONS

The results of tests at a Mach number of 1.62 of three bomb, or store,
shepes with and without two sets of cruciform fins indicated the following
concluslons:

(1) For those configurations without f£ins for which results were
cbtained, the effects of increasing the angle of attack o outside the
low angle-cof -attack range were to increase the change in normal-force
coefficient with engle of attack CR, and the chord-force coefficient Cg
gbove those values obtained at « = 00 and to shift the center-of-pressure
position rearward; the angle of attack at which these variations took
place was dependent upon Reynolds number.

ANESNNGRIL,.
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(2) For those configurations without fins, at «a = 0°, the effects
of increasing the test Reynolds number were to reduce significantly CRy»

to increase Cg, and to shift the center-of-pressure position forward
until the Reynolds number for transition was reached, beyond which small
variations in CNa and center-of-pressure position were evident.

(3) For the finned configurations the effects of angle of sttack at
the majority of the test Reynolds numbers were to increase Cry snd Cg
gbove those values at o = 0° and to shift the center-of-pressure posi-
tion reasrward until some intermediate angle of attack was reached; at

this angle, and at higher angles of sttack, the center-of-pressure posi-
tions at all Reynolds numbers were about the same for each fimmed

configuration.

(4) The effects of increasing Reynolds number upon the meajority of
the finned conflgurations at o = 0° were to increase Cny until the

Reynolds number for transition was reached; at higher Reynolds numbers
CN, &t @ =0° was sbout constant.

(5) The effects of inereasing Reynolds number upon the center-of-
pressure position of the finned configurations were decreased by
utilizing the large fins.

(6) The fineness-ratio-8.6 model with emall fins and a1l models
wlth large fins were statically steble at all angles of attack and at
all test Reynolds numbers sbout a typical center-of-gravity location
assumed to lie at 45 percent of the closed body length.

(7) The results of these tests indicate that it is possible to
design a supersonic bomb configuration having s constant % or center-

of -pressure position or both for angles of attack near 0° and for Reynolds
numbers of the order of 3 X 106 and grester.

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronsutics,

Langley Field, Va.
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TARIE I.- SUMMARY OF MEASURED AERODYNAMIC CHARACTERISTICS AT « = 0°

Model Reynolds number CNa Cc Center-of -pressure position
1 (No f£ins) 0.0 x 108 0.03kL 0.250 0.19
1.65 .0333 .3k0 .10
2.95 0291 343 0
5.55 .0315 351 .03
7.65 .0310 352 .
9.70 0311 | e .05
2 (No f£ins) 0.ko L0340 116 W1l
1.65 .03h2 .185 .09
2.95 .0300 .187 0
5.55 .0260 .206 -.15
T.65 .0252 222 -.16
9.70 .02k0 .229 -.17
3 (No fins) o.ko .0350 .084 .07
1.65 .0320 .160 -.02
2.95 .0300 173 -.11
5.55 .0245 .190 -.32
7.65 .0230 218 -.32
9.70 .0232 .220 -.33
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Figure 12.- Continued.
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(c) Models 1A, 24, snd 3A.
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(b) Model 2 (no fins) at o = 0Q°,

Figure 16.- Continued.
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